Introduction
Biotin, a water-soluble vitamin, is formed in the prosthetic group in acetyl-CoA carboxylase (two isoforms), pyruvate carboxylase, propionyl-CoA carboxylase, and 3-methyl-crotonyl-CoA carboxylase in humans (Wolf, 1995) . These enzymes are involved in lipogenesis, gluconeogenesis, and branched-chain amino acid metabolism (Wolf, 1995) . Biotin binds specifically to avidin from chicken egg-white (Green, 1990) , streptavidin (StAv) from Streptomyces avidinii (Green, 1990) , bradavidin from Bradyrhizobium japonicum (Nordlund et al., 2005) and tamavidin from Pleurotus cornucopiae (Takamura et al., 2009) . Biotinylated histones were recently discovered, maintaining genome stability (Stanley, Griffin, & Zempleni, 2001; Chew et al., 2006; Singh, Wijeratne, & Zempleni, 2013) . Marginal biotin deficiency is seen in some pregnant women and severe biotin deficiency is involved in teratogenicity for some animals (Zempleni, Hassan & Wijeratne, 2008) . Natto (a traditional Japanese sticky food) is made from fermented soybeans. It has been eaten in Japan for approximately 1,000 years and is known as a functional food. Natto is a probiotic (Hosoi & Kiuchi, 2008; Sanders, Morelli, & Tompkins, 2003) , and abundantly contains nattokinase (Sumi et al., 1987) , vitamin K2 (menaquinone) (Kaneki et al., 2001; MEXT, 2015) , poly-γ-glutamic acid (Fujii, 1963) , isoflavones (Esaki et al., 1990; Shimakage et al., 2006) , etc. Nattokinase is a fibrinolytic enzyme whose thrombolytic activity is stronger than plasmin (Fujita et al., 1995) , and alsopossess antioxidant effects (Iwai et al., 2002a; Iwai et al., 2002b) , estrogenic activity (Santell et al., 1997) , antitumor effects (Ravindranath et al., 2004) , and preventive effects on bone loss (Toda et al., 1999) .
Biotin in foods has been detected by both microbiological assays and chemical assays (Bonjour, 1991; Mock, 2007) . The microbiological assay using Lactobacillus plantarum ATCC 8014 (Wright & Skeggs, 1944) is an official method for biotin analysis in food products in Japan (MEXT, 2015) . Biotin in natto has been measured (MEXT, 2015) , but to the best of our knowledge the change of biotin level has not been examined in the natto making process (water soaking and fermentation of soybeans). Therefore, in this study, we monitored the change of biotin level during natto production by an agar plate bioassay using L. plantarum (Fukui et al., 1994; Muratsugu et al., 2017) , and we detected biotinylated polypeptide in dry soybeans and Bacillus subtilis var. natto (Bacillus natto (Sawamura, 1913) ).
Materials and methods

Materials
The following materials were obtained from the indicated sources: acrylamide, N,N'-methylene bis(acrylamide), sodium dodecyl sulfate (SDS), ammonium peroxodisulfate, N, N, N', , phenyl-methyl sulfonyl fluoride (PSF), butylhydroxytoluen (BHT), and Tween 20 from Wako Pure Chemical Industries, Ltd., Osaka, Japan; d-biotin, tris (hydroxymethyl) aminomethane, horseradish peroxidase-labeled streptavidin (HRP-StAv), N-2-hydroxyethylpiperazine-N'-2-ethansulfonic acid (HEPES), Coomassie brilliant blue R250 (CBB), and bovine serum albumin (BSA) from Sigma Chemical Co., St Louis, MO, U.S.A.; polyvinylpolypyrrolidone (PVPP) from Nacalai Tesque, Kyoto, Japan; ethylenediamine-N,N,N',N'-tetraacetic acid, tetrasodium salt, tetrahydrate (EDTA) from Dojindo Laboratories, Kumamoto, Japan; Lactobacilli Inoculum Broth "Nissui", and Biotin Assay Medium "Nissui" from Nissui Pharmaceutical Co., Ltd., Tokyo, Japan; agar (Agar Noble), beef extract, and tryptone peptone (tryptone) from Difco Labs., Detroit, MI, U.S.A.; bromocresol purple (BCP) from Merck KgaA, Darmstadt, Germany; Biotinylated SDS-PAGE All other chemicals were of reagent grade or better. The water used was 17-Mohm grade. Fukui et al. (1994) previously developed an agar plate method using L. plantarum ATCC8014, a biotindependent microorganism. A small aliquot of samples was added to each well on the agar plate containing L. plantarum, BCP, and Biotin Assay Medium in a sterilized square plate, and the agar plate was incubated at 37°C for about 16 h. The diameter of the growth zone was measured and compared with the standard curve.
Agar plate bioassay
Biotin levels of dry and water-absorbed soybeans
Ten grams of dry soybean were soaked in 150 mL of water at RT for 4, 8, and 16 h. After soaking, the water was removed and the water on the surface of soybeans was wiped off with Kimtowel ® (Nippon Paper Crecia Co., Ltd., Tokyo). The dry soybeans (as a control) and water-absorbed soybeans were ground with a mill mixer. Three grams of the ground soybeans was dispersed in 10 mL of water. Ten milliliters of 12 mol L -1 HCl was added to 10 mL of the dispersion solution and the mixture was autoclaved at 121°C for 60 min (Autoclave BS-245, Tomy Seiko Co., Ltd. Tokyo, Japan). After hydrolysis, the mixture was neutralized with 1 and/or 10 mol L -1 NaOH and the level of biotin in the mixture was measured with the agar plate bioassay. The volume increase due to the neutralization was corrected for when calculating the biotin concentration. The biotin level in the dry or waterabsorbed soybeans was expressed as the level per 100 g (1 hg) of dry soybeans. We used 12 mol L -1 HCl instead http://ijfaas.com of the 2.25 mol L -1 H2SO4 level commonly used for acid hydrolysis, because the total biotin level obtained using 12 mol L -1 HCl in dry soybeans was approximately 1.6 times higher than that obtained using 2.25 mol L -1 H2SO4 (Yazawa & Muratsugu, 2005) and HCl had the same effect as H2SO4 (Muratsugu et al., 2017) .
Biotin level in the soaking water
Ten grams of dry soybean were soaked in 150 mL of water at RT for 4, 8, or 16 h. After soaking, the soybeans were removed and the water on the surface of soybeans was wiped off with a Kimtowel ® . The level of biotin in the soaking water was quantitated by agar plate bioassay without acid hydrolysis. The level of biotin in the soaking water was concentrated 5 times using Milli-Dry (Millipore Co., Ltd., Tokyo, Japan) and then similarly measured by the agar plate bioassay. We calculated the volume of soaking water by correcting for the volume of water absorbed in the Kimtowel ® .
Fermentation of soybeans and biotin level in the fermented soybeans
Sixty grams of dry soybean were soaked in 1000 mL of water at RT for 16 h and the water-absorbed soybeans were autoclaved (121°C, 40 min). Diluted B. natto suspension (1 µL of B. natto suspension per 1 mL water) was added to the autoclaved soybeans (1 µL of the diluted B. natto suspension per 10 g dry soybeans) and the bacterium-inoculated soybeans were distributed to plastic dishes at 3 g each. The dishes were incubated at 42°C for 9, 18, 27, 36, 45, and 72 h. The fermented soybeans were ground and dispersed in 10 mL water. Ten milliliters of 12 mol L -1 HCl was added to the 10 mL of dispersion solution and the mixture was autoclaved (121°C, 60 min). After hydrolysis, the mixture was neutralized with 1 and/or 10 mol L -1 NaOH and the biotin level in the mixture was measured with the agar plate bioassay. The volume increase due to the neutralization was corrected for when calculating the biotin concentration. The biotin level in the fermented soybeans was expressed as the level per 1 hg of dry soybeans.
Hardness, cohesiveness, and adhesiveness of fermented soybeans
The hardness, cohesiveness, and adhesiveness of the fermented soybeans were measured with a Creep Meter (RE2-33005S, Load cell 20N, Plunger No. 6 (ϕ6 × h22), Speed 0.5 mm s -1 , Yamaden Co., Ltd., Tokyo, Japan). Four types of natto used as controls were obtained from local commercial sources.
Amino acid analysis and crude protein content of fermented soybeans
The amino acid level of the fermented soybeans was analyzed by an amino acid analyzer (JLC-500V, Japan Electron Optics Laboratory Ltd., Japan) at the Instrumental Analysis Center, Hokkaido University, Sapporo, Japan. The fermented soybeans were crushed by a roller and 1 g of the crushed fermented soybeans was homogenized in an ice bath with a cell disruptor (Sonicator, W-375, Heat Systems-Ultrasonics, Inc., New York, NY, U.S.A.) for 5 min. The homogenate was used for amino acid analysis.
Crude protein content of the fermented soybeans was measured using the semi-micro Kjeldahl method (MHLW, 2016), using 5.71 as a conversion factor for soybeans (MEXT, 2015) . Crushed fermented soybeans (2 -3 g) were used as the sample.
SDS-PAGE and Western blotting
Biotinylated proteins in dry soybeans and B. natto were separately detected with SDS-PAGE and Western blotting technique according to the established methods.
Ten pieces of soybean were put into a stainless steel container with a metal crusher and the container containing the soybeans was frozen (-80°C). The frozen container was set in an electric crusher (TK-AM5, Tokken, Kashiwa, Japan) and the soybeans were crushed by shaking (1,300 rpm, 20 s, 4 times). Three milliliters of an extraction buffer (25 mmol L -1 HEPES,
DTT, 1 mmol L -1 PSF, 0.01%(w/v) BHT, 0.6%(w/v) PVPP, 10%(v/v) glycerol, pH 7.5) as used by Shatters et al. (1997) were added to 0.6 g of the crushed soybeans and the mixture was stirred at 4°C for 3 h. The mixture was centrifuged at 13,000 × g for 30 min at 4°C. The protein level of the supernatant was measured with BCA Protein Assay Reagent kit (BSA as the standard) and the supernatant was analyzed using SDS-PAGE and Western blotting. We separated 2-mercaptoethanolreduced SDS-denatured proteins using a gradient polyacrylamide mini slab gel (4 -20%) with a Tris-HCl buffer system containing 0.1% SDS. The proteins and BiStd-B were simultaneously electrophoresed. After http://ijfaas.com electrophoresis, the proteins were transferred to a NC membrane using the Western blot apparatus (Trans-Blot SD semi-dry electrophoretic transfer cell, Bio-Rad Laboratories, PA, U.S.A.). The transfer buffer used was Bjerrum Schafer-Nielsen buffer (48 mmol L -1 Tris, 39 mmol L -1 glycine, pH 9.2, containing 20% methanol) (Bjerrum & Schafer-Nielsen, 1986 ) containing 0.1% SDS. The NC membrane was immersed in blocking solution (3% BSA in Tris buffered saline containing 0.1% Tween 20, pH 7.5 (TBST)) for 30 min at RT. After transfer, the NC membrane was immersed in HRP-StAv-TBST solution (1:2000) and was shaken overnight at 4°C. After incubation, the NC membrane was washed three times with TBST and stained using HRP Conjugate Substrate Kit.
B. natto was cultured in a complex medium containing 0.5% beef extract, 1% tryptone, and 0.5% NaCl at 42°C for 5.5 h. The cells were harvested by centrifugation at 180 × g for 10 min at 4°C and washed twice with icecold PBS. The pellet (wet weight 0.2 g) was resuspended in 0.5 mL of ice-cold PBS and homogenized in an ice bath with the cell disruptor. After disruption, the homogenate was centrifuged at 13,000 × g for 1 h at 4°C. The protein level and free biotin level of the supernatant were measured with BCA Protein Assay Reagent kit (BSA as a standard) and agar plate bioassay, respectively. The supernatant was analyzed using SDS-PAGE (4 -20% gradient mini slab gel) and Western blotting as described above.
Preparation of biotin-blocking HRP-StAv reagent
Of HRP-StAv, 2.5 μL contained 2.7 × 10 -11 mol HRPStAv, and the biotin-binding site of StAv was blocked with biotin (1.1 × 10 -8 or 1.1 × 10 -7 mol) before use as a reagent. The mixture of HRP-StAv and biotin was incubated overnight at 4°C (biotin-blocking HRPStAv). We showed that the 4-biotin-binding sites on HRP-StAv of the reagent were completely blocked with biotin in our previous paper (Muratsugu et al., 2017) .
Results and discussion
Biotin levels in the soaked soybeans and soaking water
The biotin level of dry soybeans significantly decreased by 25% after 4 h-soaking and the rate of decrease up to 16 hours after soaking was almost constant (Figure 1a (27 h) and dry soybeans were significantly higher (P < 0.01) than those of dry soybeans and waterabsorbed soybeans, respectively. These were determined using Student's t-test. (b) ■, crude protein (n = 3); □, Asp; ○, Arg; •, Ile.
indicating that biotin might leak from dry soybeans into the soaking water. Similar decreases of biotin level after soaking were observed for other soybeans which are used for natto production in Japan; tachinagaha and nattoshoryuu (data not shown). We measured the biotin level in the soaking water to confirm this result. The amount of biotin in the soaking water was 3.2 -3.5 μg hg -1 dry soybeans ( Table 1) , showing that biotin leached from the dry soybeans into the soaking water. 1a, however, shows that the amount of biotin decrease was 10.6 μg hg -1 dry soybeans (average), which was higher than the amount of biotin detected in the soaking water. This discrepancy may be explained as follows: We did not use acid hydrolysis technique to measure biotin level in the soaking water, because the solution was expected to contain few substances other than free biotin. We showed that free biotin was degraded by acid treatment in the absence of proteins, carbohydrates, nucleic acids, lipids etc. and their degradation products (Muratsugu et al., 2017) . Agar plate bioassay can detect free biotin and biotin liberated from biotinylated substances by acid treatment, but cannot detect biotin that binds to proteins etc. Thus we thought that only free biotin contained in dry soybeans was detected in the soaking water, and biotinylated substances partially leached from soybeans might be in the soaking water, but biotin derived from the biotinylated substances was not detected by agar plate bioassay when acid hydrolysis was not performed.
Change of biotin level in the fermented soybean
The biotin level gradually increased after the start of fermentation, reached a peak, and then gradually decreased with time ( Figure 1a) . The peak value of biotin was higher than the total biotin content of the dry beans before making natto. When using the agar plate bioassay with acid hydrolysis, we previously reported that the Arg, Asp, and Ile produced by acid hydrolysis may affect the measurement of biotin (i.e. the content of biotin may be apparently higher) (Muratsugu et al., 2017) . Thus, we investigated the changes of these amino acids during fermentation using an amino acid analyzer. The levels of these amino acids increased as fermentation progressed and became nearly constant at 9 h after the start of fermentation (Figure 1b) . We reported that the threshold concentrations of Arg, Asp, and Ile were 1.10, 0.02, and 0.18 mmol L -1 , respectively (Muratsugu et al., 2017) . The concentration of Arg was 0.13 -0.25 mmol L -1 , which was lower than the threshold concentration of Arg. The concentration of Ile was 0.12 -0.20 mmol L -1 , which was essentially the same as the threshold concentration of Ile. Therefore, Arg and Ile did not affect the measurement of biotin. which was 16 -24 times higher than the threshold concentration of Asp. We showed that even though the concentration of Asp was 100 times its threshold concentration, the increase of biotin concentration was at most 1.19 times (Muratsugu et al., 2017) . Therefore, Asp also hardly affected the measurement of biotin in this study. In addition, the increase patterns of Arg, Asp, and Ile were similar to that of crude protein, but not to that of biotin (Figures 1a, b) . These results indicated that the increase of biotin was not affected by Arg, Asp, and Ile. The gradual decrease of biotin level ( Figure 1a ) may depend on the fact that the growth of B. natto on the surface of soybeans gradually decreases from approximately 28 h after fermentation starts (Iijima et al., 1999) . B. natto needs biotin for its growth, because the growth rate of the bacteria cultured in a medium containing biotin was 8 times faster than that of the bacteria cultured in a medium without biotin (data not shown). Thus we thought that the biotin level in natto gradually decreased due to the proliferation of http://ijfaas.com bacteria. Such a change in biotin content during fermentation was observed in other soybeans; tachinagaha and nattoshoryuu as suzumaru (data not shown).
Change in hardness, cohesiveness, and adhesiveness of fermented soybeans
The hardness of fermented soybeans hardly changed up to about 18 h after the start of fermentation, and then decreased with time ( Figure 2a ). The cohesiveness of fermented soybeans decreased up to about 18 h after the start of fermentation, and then hardly changed ( Figure  2b ). The adhesiveness of fermented soybeans increased up to 18 h, then decreased with time ( Figure 2c ). The ranges of hardness, cohesiveness, and adhesiveness of fermented soybeans between 18 and 27 h after the start of fermentation are listed in Table 2 , and for comparison those of commercially available natto (4 types) are also presented in Table 2 . These results showed that hardness, cohesiveness, and adhesiveness of the fermented soybeans (18 -27 h) were suitable for food, because the values were not different from those of commercially available nattos that are eaten in Japan. The amount of biotin in the fermented soybeans reached a peak at 27 h after fermentation started and the biotin level was significantly higher than that of dry soybeans (P < 0.01) (Figure 1a ), indicating that the biotin level reduction due to soaking had recovered and become higher by fermentation when the fermented soybeans were adequate for food. Ammonia odor in the fermented soybeans became stronger after 36 h from the beginning of fermentation, indicating that it was unsuitable for food.
Detection of biotinylated polypeptides in dry soybeans and B. natto
We detected biotinylated polypeptides in dry soybeans and B. natto by using SDS-PAGE and Western blotting. There were 9 and 4 polypeptides in dry soybeans and B. natto, respectively (Table 3) . These polypeptides were stained with CBB on the polyacrylamide gel. Camporeable, Zempleni, & Eissenberg (2007) and Yap et al. (2008) reported that biotinylated histones were detected by using HRP-StAv. In contrast, Bailey et al. (2008) described that the detection of biotin on histones was an artifact. Thus, HRP-StAv might be nonspecifically adsorbed on the polypeptides in dry soybeans and B. natto. We examined this possibility using biotin-blocking HRP-StAv instead of HRP-StAv, which was the method introduced previously (Muratsugu et al., 2017) . The biotin-blocking HRPStAv failed to bind to any polypeptide in dry soybeans or B. natto (data not shown). Soybean seed coat contains peroxidase (Gijzen, Huystee, & Buzzell, 1993; Gillikin & Graham, 1991) , and this peroxidase may influence the coloring in the Western blotting test. We examined this possibility using TBST without HRP substrate. No color on the NC membrane was observed for dry soybeans and B. natto (data not shown). These results confirmed that there were 9 and 4 biotinylated polypeptides in dry soybeans and B. natto, respectively, under the experimental conditions used in this study (Table 3 ). In addition, the free biotin level in B. natto was 0.03 pmol per 1 mg of bacteria protein. In this study, we monitored the total biotin level in dry soybeans (free and bound biotin), water-absorbed soybeans (bound biotin), and fermented soybeans (bound biotin in beans, and free and bound biotin in bacteria). Figure 1a shows that the total biotin level after fermentation was higher than that before fermentation (dry soybeans). This increase of the total biotin level appeared to be dependent on the growth of B. natto, because the bacteria continued to grow during the natto fermentation (Iijima et al., 1999) . 1184 -1775 727 -1496 Table 3 . Molecular weight of biotinylated polypeptides in soybean and B. subtilis var. natto
Conclusion
We monitored the biotin levels during natto production. Soaking dry soybeans in water decreased the amount of total biotin, but after fermentation the total biotin level increased and reached a maximum level significantly higher than that of dry soybeans. In addition, the fermented soybeans with the highest total biotin level were suitable as food. Therefore, natto seems to be a good source of biotin.
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